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ABSTRACT
A method for predicting torsional creep behavior from tensile creep
data has been presented and experimentally verified. It has been shown
that the second tensor invariant of the strain- rate deviator is a func-
tion of the second tensor invariant of the stress deviator. From this
it follows that one can calculate the torsional creep rate-stress re-
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I. Introduction
In practice various machine parts are subjected to complicated
stresses and high temperature. The design of such parts must be based
on either experiments conducted under similar conditions of combined
stress, temperature, and time, or a suitable theory must be applied to
extrapolate the more abundant experimental information found from the
tension test.
Several monographs and symposia have been directed toward a cor-
relation of the existing knowledge on creep, and many theories purport-
ing to provide the basic philosophies of the phenomenon of creep have
been formulated. But the correlation of such proposed theories with
the experimental facts has been singularly unrewarding, and therefore
additional effort needs to be devoted to provide rational analyses for
creep.
The fundamental purpose of this investigation was to find what
relationship might exist between the creep properties of a given mater-
ial when subjected in one case to shear, as in a tube in torsion, and
when subjected in the other case to direct tension.
The generous assistance and encouragement of Associate Professor
A. Goldberg , Assistant Professor P. M. Burke, Professor J. E. Brock,
and other members of the faculty and staff of the U. S. Naval Post-




The material was obtained in one lot sufficient for the entire
investigation. It was in the shape of a half inch O.D. round bar.
The manufacturer's (ALCOA) chemical analysis is as follows:
Per cent
J, I. Oil « OO«OOOOOOOOOOOO«O«OOOOO*OO6O0OOOOOOCOOOOOOOOO U#VV J
rlct Is^-allG DC ooeooo oo*o«eooo»»ooooooo*ooo*o«ooooooooo* U « UU ^
\j OpjptT iL0o«ooooooooottoeooooc»oooooooooo*ooooouosooou « U| vlv
flogllcLS X.UHI o oooc«««ooo«ooe»«o*«o0eooo*o«o«««ooo»ooee ^ • i £\)
&\ L OITl X, II UXn « O«OOOeoeO4OO0OOO«OO0OO0«O0eOOOO0*OOOOOOO0 Do IdTlCc
Metal lographic examination of the as received material revealed
a uniform, fine, cold worked grain structure both parallel and perpendi-
cular to the axis of the rod. The hardness was Rockwell F-93.6. To
obtain an unstrained grain structure prior to testing, the specimens
were annealed. Preliminary examination indicated that annealing at
400 °C for times of 2 to 24 hours resulted in such a large amount of
grain growth that there would be only 12 grains across a length of 1/32",
the thickness of the wall of the tublar specimen. Reducing the annealing
temperature to 350°C increased the average number of grains across this
length to 62, a sufficiently large number. The grain size of specimens
annealed for 2 hours was approximately equal to that of specimens an-
nealed for 24 hours. It was therefore decided to anneal the specimens
at 350°C and to test them at 312°C. The ASTM grain size of this material





For the torsion creep investigation, it was desired to find a shape
of specimen which would approach a condition of uniform pure shear. Ob-
viously a solid shaft in twist presents an unfavorable situation. The
phenomenon is complicated due to the fact that the stresses are not
*
uniform. A thin tubular section, as shown in Figure 1, was therefore
selected, for which the assumption can be made that stresses are evenly
distributed over the cross-section, and their magnitude is based on the
mean diameter.
Since the material was available only in the form of half inch dia-
meter round bar, the dimensions of the specimen were determined as shown
in Figure 1.
Numerous tests of such tubes were made in torsion at room temperature.
It was not possible to apply torques sufficient to produce the ultimate
shearing stress in the material since sudden buckling (local crippling)
would take place at lower values of the torque and the specimen would
fail by tension. Accordingly, this design was suitable only for shear-
ing stress values appreciably below ultimate. In such tests there was
no observable buckling until the final stages of the test so that strain
observation made during the earlier stages of the test were valid; these
are the observations which were employed in determining creep rates.
For the tension creep investigation both tubular and solid speci-
mens, as shown in Figures 2 & 3, were used.
*
All figures appear at the end of the texc, starting on page 11

IV. Equipment
For the torsion creep investigation, a number of requirements were
imposed. The specimen was to be tubular, held rigidly at one end, and
twisted free from bending or longitudinal force at the other end with
a known moment which remained constant during angular deformation of
the specimen. Friction was to be held to a minimum. The specimen was
to be contained in a furnace and maintained at constant temperature.
Some provision had to be made for accurately measuring shear strain.
A diagrammatic sketch of the essential features of the torsion tester
is shown in Figure 4.
The angular deformation of the specimen was measured by the use of
a potentiometer (Electro-Mec laboratory, Inc., Type 14 BHS-G1) and a
Leeds & Northrup Speedomax Type G recorder. The sensitivity is about
-3
3.76x10 shear strain.
For the tension creep investigation, creep unit number one of the
Creep Laboratory of the school was used and was so modified that the
tensile stress in the specimen is constant during elongation of the
specimen. A diagrammatic sketch of the machine is shown in Figure 5.
A Starrett 0.001"- 1.000" range extensometer was used to measure
the elongation of the specimen. A sketch of the extensometer is shown
in Figure 6.
An L„ H. Marshall electric furnace was used for both torsion and
tension creep investigation. A Leeds & Northrup series 60 temperature
controller was used to control the temperature for both investigations.
The temperature of the specimen was checked by chrome 1 -a lurael thermo-
couples. The temperature was controlled to + 3°C.

V. Procedure
The working temperature was chosen at 312°C. The specimen was
annealed at 350°C for times of 3 to 24 hours before measuring its
dimensions. The variation of wall thickness was within 0.001".
Three chromel-alumel thermocouples were used, one at each of the
gage marks and one at the middle of the specimen. The variation of
temperature along the specimen was less than 1°C.
The load was applied after the temperature of specimen had reach-
ed equilibrium. Creep data were observed and recorded every hour.
The temperature was checked every three hours or so. Specimens under
four different stresses but at the same constant temperature were
tested in each type of tension and torsion test, that Is, solid speci-




This investigation was confined to the study of the creep be-
havior of the metal under the same constant temperature (312°C) and
different constant loads.
The time-de format ion curves obtained from the torsion creep tests
are given in Figure 7, while those from the tension creep tests are
given in Figures 8 and 9. From these curves creep rates for each
condition were obtained and are presented in Table I.
In general, the stresses employed in the tension creep tests were
approximately twice those used in the torsion creep tests.
In Figure 10, the stresses and corresponding creep rates from










Tensile Shear Constant Average
<r T
S-2 1216.2 - - 0.0022 Solid specimens
S-l 1661.3 - - 0.0045 under tension
S-4 1982.2 - 0.0375 -
H-7 1235.1 - 0.0012 -
H-2 1588.6 - 0.0148 - Hollow specimens
H-3 2008.2 - 0.0148 - under tension
H-6 1950.2 - 0.0186 -
T-5 - 644.5 0.0023 - Hollow specimens
T-3 - 771.8 0.0045 - under torsion
T-2 - 1021.4 0.0128 -
Average creep rate: Since the creep rate kept on changing during
some of the tests, an average of five creep
rates at 10 hrs, 20 hrs, 30 hrs, 40 hrs, and
50 hrs was taken.

VII. Comparison of Test Results with Theories
It is postulated that the second tensor invariant of the strain-
rate deviator is a function of the second tensor invariant of the stress
deviator.
Based on this theory, some conclusions are obtained with respect to
the results of the present creep investigation.
For the tension test, the second tensor invariant of the stress de-
viator is
and the second tensor invariant of the strain-rate deviator is
For the torsion test, the second invariant of the stress deviator is
and the second invariant of the strain- rate deviator is
J,CD)=^f (4)
By equations (1), (2), (3) & (4), the second invariant of
stress deviator and the second Invariant of the strain-rate deviator
were calculated and are presented in Table II. In Figure 11 the
second invariant of the stress deviator and the corresponding second
invariant of the strain-rate deviator were plotted to logarithmic coordin-
ates. There is some systematic difference between the tensile and











































q} - Second invariant of stress deviator
h - Second Invariant of strain-rate deviator

torsional behavior, but the comparison is close enough to lead one to
conjecture that in some essential way it represents truth, and that the
discrepancies may represent a systematic experimental error.
Based on this relationship, postulated above, the torsion stress-
creep rate curve can be predicted from the tension stress-creep rate
curve.
Let ( ~%~ , /X' ) be a point on the predicted torsion stress-creep
curve and ( £ , Q~ ) be the corresponding point on the tension
stress-creep rate curve. Then point ( ~y , H^ ) can be obtained from
( 6 » <3~ ) as follows
:
^ = & ^ (6)
The predicted torsion curve is shown in Figure 10 as a dashed
line. This curve does indeed differ from the experimentally determined
curve. It predicts too rapid a shear strain rate at higher stress
conditions, but for design engineering purposes, it appears that the




1. The postulate that the second tensor invariant of the
strain- rate deviator is a function of the second tensor invariant of
the stress deviator has been verified within the experimental accuracy
of this work.
2. A prediction of torsion creep behavior can be obtained
from tension creep test data with a degree of accuracy sufficient for
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Derivation of Equations Relating Tension and Torsion Creep Rates
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aa ^ a33 -o/ Q 3 , Q-^-o^ 0Ui Q^-tf x^
^JJ,(A)
Alternate definitions differing by a constant factor are also in use.
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By using the principal axes, a,*
f




2 2- 2"I 2
The stress tensor in terms of the principal axes of a stress system
is, by equation (1) ,
A- ( O <J1 O
J
(6)






The strain rate tensor is terms of the principal axes of the
system is
The second invariant of its deviator is
J^Dj = "(€r £/t(4-4) + (i-^>] (8)
For simple tension, Cf7 =
-
,
<Jj - <Tj — O
• •
6,-6, ^=fc«-£6






tJ (TDj of the stress tensor aJ^ CT (9)
S 6 o o
Strain rate tensor = O -^- O
Vo o -i
3 *
J, (£>) of the strain rate tensor = -== £ (10)
For pure shear, 07 = - <j^ = <j-, 03=0 ; e,-^, 6
-*~""J;,
£3 =°




\o O O J
^J^ (Djof the stress tensor = J^" 'T (11)
JC O O
Strain rate tensor = / o ~ ^P ®
o o o
rJ~G> •
T (dJ of the strain rate tensor - .- Y~ (12)
If one postulates that second invariant of strain rate deviator
is function of the second invariant of stress deviator, then a pre-
diction of torsion creep behavior derived from tension test data can
be made as follows.
To have the same second invariant of strain rate deviator in both
loading conditions, it is required that (see equations 10 & 12)
— i = W Y ! Y=j3 6 (13)
26

To have the same second invariant of stress deviator in both loading
conditions, it is required that (see equations 9 & 11),
£ & Q~ are obtained from tension creep data. ~^T and <^T can
thus be calculated by equations (13) & (14).
27









